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ABSTRACT 
With the adoption of more real-time objective measurements of player experience, 
advances have been made in characterising the dynamically changing aspects of the 
player experience during gameplay itself. A direct coupling to player action, however, is 
not without challenges. Many physiological responses, for instance, have an inherent 
delay, and often take some time to return to a baseline, providing challenges of 
interpretation when analysing rapidly changing gameplay on a micro level of interaction.  
The development of event-related, or phasic, measurements directly coupled to player 
actions provides additional insights, for instance through player modelling, but also 
through the use of behavioural characteristics of the human computer interaction itself. In 
this study, we focused on the latter, and measured keyboard pressure in a number of 
different, fast-paced action games. In this particular case, we related specific functional 
game actions (keyboard presses) to experiential player behaviour. We found keyboard 
pressure to be higher for avoidance as compared to approach-oriented actions. 
Additionally, the difference between avoidance and approach keyboard pressure related 
to levels of arousal. The findings illustrate the application potential of qualifying players’ 
functional actions at play (navigating in a game) and interpret player experience related to 
these actions through players’ real world behavioural characteristics like interface 
pressure. 
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INTRODUCTION 
In the past decade, much attention has been given to the measurement and analysis of the 
player experience in digital games. In many studies, objective psychophysiological 
measurements have been combined with subjective self-reports, questionnaires and think-
aloud protocols (Mandryk and Atkins 2007; IJsselsteijn et al. 2007; Kivikangas et al. 
2010). In many cases, the player experience has been studied using a combination of 
measurements during play and those shortly after play. Such combinations of 
measurements, e.g. using both live physiological data and retrospective continuous self-
reports (e.g. (Van den Hoogen et al. 2012)), aid the understanding of player experience by 
addressing the interpretation through the use of multiple measurement techniques. These 
developments echo well with the inherent changing nature of player experience. The 
player experience is dynamically changing during play and as such is a complex, multi-
dimensional and multi-layered concept relating to various affective, cognitive and 
behavioural aspects of the state of mind of the player (Poels, De Kort, and IJsselsteijn 
2007). Distinguishing between short-term (immediately after play) and long-term (after 
three weeks), (Poels et al. 2012) found that while pleasure during play predicted playing 
time and game preferences on the short term, it was arousal that predicted game 
preference in the longer term. In a study on the experience of immersion in games, 
(Jennett et al. 2008) have included measurements at specific times during gameplay to 
address this temporal aspect of player experience. Since the experience of playing a game 
is a result of an on-going real-time interaction with the game, it is expected that the mere 
process of playing modulates the player experience. The effects are created through the 
process of playing and hence it is insufficient to focus only on the outcome of play 
(Mandryk, Atkins, and Inkpen 2006). 
An increased understanding of the player experience can be used to improve the 
effectiveness of game design by including player experience factors in game design 
patterns, adaptive game design, and player modelling (Bjork and Holopainen 2005; 
Yannakakis and Hallam 2009). In addition to understanding and tracking general changes 
in the player experience, there is a need for measurements that provide high detail in the 
temporal domain, and can be related to specific player actions as well. Particularly in fast-
paced action games, such as first-person shooters and racing games where actions follow 
each other in rapid succession multiple phasic (i.e., event-based) measures, in addition to 
tonic measures, may be used to further zoom in on the detailed, and dynamically 
changing aspects of the player experience (Nacke, Grimshaw, and Lindley 2010). One 
approach to analysing the player experience using phasic measures is the study of 
physical player behaviour itself. The way in which players behave during gameplay may 
provide further insight on how to interpret and qualify their in-game actions. Such an 
approach is useful for game designers and researchers, particularly with developments in 
innovative input devices, such as the Wii Balance Board, Microsoft Kinect and, more 
recently, the Leap Motion Controller and the Occulus Rift VR, becoming commercially 
available to consumers. In player experience studies, many of these interface devices 
require the detection of user input through behaviour tracking. With it the detection of 
characteristics of user interface behaviour and connecting these to the user’s experience is 
becoming an ever more relevant research direction.  
In this paper we explore the value of behavioural indicators for connecting player 
experiences to specific functional aspects of gameplay. We conceptualise behaviour as 
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the actions a person physically performs (e.g. pressing a button on an interface device) 
and distinguish between the functional aspects (e.g. steering to the left or right) and the 
‘experiential’ aspects (e.g., having fun, being aroused, feeling challenged) of the 
behaviour.  While the former is more often used in player modelling as a measure of 
tracking the player’s objective progress, actions and choices during the game, the latter 
has received only limited attention. However, the experiential characteristics with which 
players perform the functional actions may provide further insight into the player 
experience. Where many physiological measures, such as skin conductance, have an 
inherent delay in measured response and require a minimum time until the measure 
returns to baseline, behavioural characteristics of functional actions themselves are 
uniquely tied to that action. It is therefore a candidate for an experiential measure 
confined to the action itself. In this paper we present the results from a study in which the 
keyboard pressure players exert while playing fast-paced action games was recorded and 
related to approach and avoidance behaviours in the game. 
BACKGROUND 
The physical behaviour of players during play has shown potential for providing 
qualitative aspects of the dynamically changing player experience. For example, players 
were found to tilt their controller in synchrony with the track layout in race games (Van 
den Hoogen, IJsselsteijn, and De Kort 2009). Moreover, behavioural indicators have been 
shown to be valuable indices of people's emotions and experiences in performance 
oriented settings (Mentis and Gay 2002; Park et al. 2005),  and in understanding 
emotional expression in human communication (Wallbott 1998; Weisfeld and Beresford 
1982). Posture, as measured through a pressure-sensitive chair, has been used to automate 
the detection of frustrations in learners using a digital learning system (Kapoor, Burleson, 
and Picard 2007) and similarly, keyboard pressure has been related to the level of 
difficulty in a game, and related experiences of frustration and boredom in games as well 
(Tijs, Brokken, and IJsselsteijn 2008; Van den Hoogen, IJsselsteijn, and De Kort 2008). 
In addition to quantifying the emotional states of players using psychophysiological 
measures (Mandryk and Atkins 2007), behavioural measures provide information not 
only on the functional actions people perform during the game-play, but are likely to 
signal affective aspects of the player experience as well. 
In order to interpret player behaviour in terms of gameplay and game events, we require a 
closer analysis of the gameplay itself. Challenge is widely recognized as one of the key 
constituents of engaging gameplay (Malone 1982) with the tension between challenge 
provided by the game and the levels of skill of the player creating a tension at the heart of 
gameplay. The optimal balance between skill and challenge has been characterized as 
bringing about a state of flow in the player (Csikszentmihalyi 2000) under the condition 
that the player is in full control and actively pursuing a clear goal (Sweetser and Wyeth 
2005; Keller and Bless 2008). However, such a characterization of an 'in-control' player is 
insufficient for explaining enjoyment. Players may respond positively to negative events 
in terms of the game objectives, such as the event of dying in a game (Ravaja et al. 2006; 
Ravaja et al. 2008). Indeed, the struggle of a player to keep in control is one of the factors 
resulting in game enjoyment (Klimmt, Hartmann, and Frey 2007; Klimmt, Hefner, and 
Vorderer 2009). In fact, negative affect has its use in computer-based systems in general, 
and particularly in games in specific. While ‘at game’ frustration relating to the interface 
outside the locus of control of the player and a persistent state of frustration is something 
to be avoided, in gameplay, a balanced variation between 'in-control' and 'out-of-control' 
situations is key in increasing player enjoyment and optimising the player experience 
(Gilleade and Dix 2004). It is important, however, to keep a healthy balance. With too 
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many repeated experiences of being over-challenged the fun of struggling for control may 
become feedback of a players’ inability to gain control. For instance, with repeated death 
events initial indications of enjoyment were reduced suggesting players started to feel 
incapable of proceeding in the game, losing the fun in the game (Van den Hoogen et al. 
2012). 
When players experience increased levels of difficulty while playing, the pressure with 
which gamepad buttons are pressed increases (Sykes and Brown 2003). In the same study 
it was suggested that increased arousal in the player might explain this relation, which 
was shown to be plausible by correlating arousal to interface pressure (Van den Hoogen, 
IJsselsteijn, and De Kort 2008). Additionally, behavioural cues extracted from measuring 
touchpad pressure can be used as indicators of negative effect, when related to phasic 
critical incidents (Mentis and Gay 2002). In general, across a large range of psychological 
phenomena, it has been found that bad is stronger than good (Baumeister et al. 2001): bad 
emotions and negative feedback have more impact than their positive counterparts and 
bad information is processed more thoroughly than good information. We can use these 
observations in behavioural analysis of player experience by looking at in-game player 
actions. In an 'in-control' situation, players predominantly initiate actions to pursue the in-
game goals. For example, in a first-person shooter game, a player may choose to steer the 
controlled character to approach desirable (sub-)goals such as triggers, health packs, 
ammo, etc. In an 'out-of-control' situation, players predominantly respond to the, possibly 
sudden, changes in the game. For example, the appearance of a fierce enemy may cause 
the player to quickly backtrack and avoid the confrontation. This behaviour of exercising 
control to fulfil goals can be partly described along a dimension of approach and 
avoidance. Where approach motivation is the process of directing behaviour towards 
positively valued stimuli (e.g. objects, events, etc.), avoidance motivation is the process 
of directing behaviour away from negative stimuli (Elliot 2006). 
HYPOTHESIS 
The extent to which a player feels in control (i.e. effectance) is of great importance to the 
enjoyment of the game. Fun can arise from being in control, but also from a struggle for 
control creating challenge within the game. Enticing suspense and emotional relieve, 
respectively, enjoyment is built on various affective aspects (Klimmt, Hartmann, and 
Frey 2007). In many games, challenge is established by motivating players to pursue 
desirable goals while trying to avoid undesirable goals. In doing so, players adopt 'in 
control' (or approach-like) and out of control (or avoidance-like) behaviours to execute 
their intents. The avoidance of undesirable goals is expressed more strongly than the 
approach to desirable goals, as evidenced in increased arousal and motor activity. This 
physical aspect of behaviour can be measured through the amount of pressure exerted in 
expressing experiential, in-game, intents through real-world, physical, button presses. 
We hypothesize that avoiding an undesirable situation will coincide with increased 
intensity in expressing such behaviour. More precisely, we expect increased analog 
intensity in keyboard pressure to occur with in-game evasive or avoidance actions. In an 
experiment, we let players play a number of fast-paced action games (first-person 
shooters and racing games) and measured the pressure exerted on the keyboard while 
controlling the game. Using this behavioural measure in the temporal domain during 
play, we analyse the player experience in terms of approach and avoidance behaviours. 
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METHOD 
Participants 
The data presented in this study was recorded as part of a larger study focussing on the 
relation between player emotions and digital game preferences and playing time (Poels et 
al. 2012). In the study, nineteen participants (7 females and 12 males, aged 18 to 42), 
M=23.47, SD=7.24) played the games in a 90-minute lab session, for which they received 
compensation of €15,-. The frequency with which participants usually play games ranged 
from ‘‘a couple of times a year’’ (n = 4), ‘‘monthly’’ (n = 4), ‘‘weekly’’ (n = 5) to 
‘‘daily’’ (n = 6). 
Procedure 
Participants played a total of four PC games; two first-person shooter games and two 
racing games. Specifically; Battlefield 1942 (Digital Illusions 2002), Hitman Contracts 
(IO Interactive 2004), Colin McRae Rally (Codemasters 2003) and Trackmania (Nadeo 
2004) were played. Each of the games was played for 10 minutes in a counterbalanced 
order. Prior to playing the games they were given a brief introduction of the game, and 
instructions on how to play the game. After each play session, participants rated their 
experiences on the Self-Assessment Manikin scale (SAM-scale), a visual, 9 point, self-
report scale based on the pleasure, arousal, dominance dimensions of Mehrabian and 
Russel (1974) and includes three nine-point visual scales on which participants have to 
indicate how much pleasure, dominance, and arousal they felt while playing the computer 
game (Bradley and Lang 1994). The SAM-scale is frequently used to measure emotions 
in general emotion studies, and in consumer and gaming research. 
Game Controls 
All four games made use of two simple, and commonly used, control schemes. For the 
first-person shooters the controls used were setup as WSAD, where the W and S keys 
control forward and backward movement, respectively, and the A and D keys control left 
and right turning. In the racing games the arrow keys were used as the control scheme to 
accelerate, brake and turn the car to navigate the track. Here, acceleration (arrow up) may 
be characterised as an in-control, approach event while braking (arrow down) may be 
characterised as an out-of-control, avoid event. Both schemes typically involve the player 
utilizing their middle finger to alternate between the keys used for forward and backward 
movement. 
Behavioural measures 
During gameplay all keyboard strokes and the corresponding force on the keyboard was 
recorded. Keystrokes were recorded as onset and offset times accompanying the key that 
was pressed. The force was measured using 4 flexi-force force (Tekscan) sensors placed 
under the four corners of the keyboard collected with a sample frequency of 100Hz. 
Force values from the sensors were, prior to further analyses, range corrected to correct 
for individual differences. That is, for each individual, the pressure values were divided 
by the maximum pressure values measures for that individual. This procedure is advised 
for the use of galvanic skin response (GSR) data (Lykken & Venables 1971), which has 
properties and dependencies on individual differences similar to our automatically 
captured behavioural measures, and allows comparisons across individuals 
Before analyses, these two datasets were joined to provide one dataset indicating the 
force with which each of the keys was depressed. In total four keys were used to calculate 
the interface force of forwards and backward movement. Within the FPS and Race games 
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the ‘W’ and the ‘Arrow Up’ are used to move forward and accelerate, whereas the ‘S’ 
and the ‘Arrow Down’ keys were used to move backward or brake respectively. Using 
the onset and offset times of key presses, windows were created in which these keys were 
pressed. Within these windows the mean force on the keyboard was calculated. These 
mean forces for each key press were subsequently averaged into a mean interface force 
for forward (accelerate / forward movement) and backward (brake) movement for each of 
the four games. This resulted in a mean interface pressure for each game for forward 
oriented movement and backwards oriented movement providing eight variables (2 for 
each game). Using these pairs of variables a difference score was calculated for each of 
the game. This difference score was calculated by, per participant, subtracting the mean 
backward movement pressure from the mean forward movement pressure. Positive 
numbers on this resulting scale indicate that backwards movement pressure was higher 
than forward movement pressure.  
Results 
Descriptive statistics 
We first provide a general overview of the descriptive statistics for the three SAM 
dimensions and interface force values (see Table 1). Although Trackmania was, on 
average, most liked, there was considerable variation between participants. Importantly, 
none of the four games was disliked. 
 Self-report Mean Interface Pressure
 
 Pleasure Arousal Average Forward Backward 
Battlefield 6,00 
(1,89) 
4,63 
(2,43) 
0.151 
(0.161) 
0.151 
(0.161) 
0.164 
(0.173) 
Hitman 5,26 
(2,66) 
4,88 
(2,01) 
0.154 
(0.171) 
0.153 
(0.170) 
0.168 
(0.182) 
Colin McRae 5,37  
(1,5) 
4,42  
(1,5) 
0.165 
(0.187) 
0.160 
(0.185) 
0.183 
(0.197) 
Trackmania 7,26 
(1,41) 
5,84 
(1,92) 
0.167 
(0.168) 
0.166 
(0.168) 
0.191 
(0.164) 
Table 1: Descriptive statistics of Self-Report and Interface Pressure per Game 
Note: numbers in the table display mean values with standard deviations in brackets. 
Scale for the self-report measure runs from 1-9, with higher values indicating higher 
pleasure or higher arousal. The scale for the Interface pressure runs from 0-1 with 
higher scores indicating higher pressure. 
Analysis 
A repeated Measure ANOVA was performed using Game (one of the four games), and 
Direction (forward vs. backward movement) as within subject factors with interface force 
as the dependent variable. This analysis tests for the hypothesized relation between the 
forward and backward movement (approach vs. avoidance) and interface pressure, in an 
event related, phasic fashion. The results showed a significant main effect of Direction 
(F(1,16)=14.06, p=.002 on interface force with higher average force for the backward 
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movement (M=.17, SE=.04) than forward movement (M=.15, SE=.04). The main effect 
of Game on interface force was found to be marginally significant F(3,14)=2.62, p=.09) 
providing limited indication that the interface pressure, on average, differed between the 
games. As can be seen in Table 1, pressure was higher for the race games as compared to 
the FPS games. The interaction between Direction and Game was not significant 
providing no indication that the effect of Direction was dependent on the Game played. 
A second analysis was performed to test the relation between arousal and the difference 
in interface force dependent on the direction of movement a Linear Mixed Models 
(LMM) analysis was performed on the restructured data. In order to perform this analysis 
the original data was restructured in such a way that the scores for the different games 
were treated as separate cases, creating four rows of data for each participant. Since our 
data were now ‘‘nested within participants,’’ we included participant number as a random 
factor in our analyses, allowing us to control for differences in variance that solely reside 
at the level of participants. In the LMM the SAM Arousal scores were entered as fixed 
factor, participant number was entered as random factor and the difference score between 
forward and backward keyboard pressure was used as the dependent variable. The results 
show a significant main effect of SAM Arousal on the difference score of keyboard 
pressure (F(1,66.18)=5.73, p=.02). The positive sign of the parameter estimate (parameter 
estimate 0.0044) shows that increased levels of arousal are related with greater difference 
between forwards and backward oriented keyboard pressure. Since positive numbers on 
the difference score for keyboard pressure signal higher mean pressure for backward 
movement as compared to forward movement, the result can be interpreted as indicating 
arousal to relate to comparatively higher pressure for keyboard pressure related to 
backward (avoidance) movement as compared to forward (approach) movement. 
DISCUSSION 
In this paper we have explored the utilization of behavioural characteristics of player 
actions – interface pressure coupled to functional game actions – as an indicator of player 
experience. We demonstrated the utility of player behaviour as a qualitative measure of 
player experience. In particular, by qualifying in-game actions in terms of their role in the 
gameplay situations – approach or avoidance - we have approached behavioural measures 
in a truly phasic, time-conscious way, qualifying the player experience at a micro level. 
This approach of analysing behaviour tied to specific actions extents previous research on 
behavioural measures as an indicator of player experience (e.g. Van den Hoogen, 
IJsselsteijn, and de Kort 2008; Van den Hoogen, IJsselsteijn, and De Kort 2009). In the 
study we included four fast paced action games (2 FPS games, and 2 race games) and 
measured both the functional actions people performed through the keyboard scheme, and 
the force with which they pressed the buttons.  
Throughout the study we have distinguished between forward movements (navigating 
forward or accelerating) as approach-events, and backward movements (navigating 
backward or braking) as avoidance-events. Additionally, we related differences between 
forward movement pressure and backward movement pressure to general levels of 
arousal. We hypothesized that avoiding an undesirable situation will coincide with 
increased intensity in expressing such behaviour, and expected increased intensity in 
keyboard pressure to occur with in-game evasive or avoidance actions.  
The results were clear; keys corresponding to avoidance actions were pressed with 
significantly more force than those corresponding to approach actions.  Furthermore, the 
difference between the interface force for approach and avoidance actions related to self-
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reported levels of arousal experienced throughout each of the games. As suggested by 
previous findings where interface pressure was analysed as an average across a level  
(Van den Hoogen, IJsselsteijn, and de Kort 2008; Van den Hoogen, IJsselsteijn, and De 
Kort 2009), the intensity with which players perform their actions these findings again 
indicate a relation with experienced levels of arousal. Importantly, suggestions have been 
made that this relation is not limited to player behaviour but could be a more general 
relation between arousal levels in the autonomic nervous system and levels of motor 
activity (Gershon, 1998 in Pentland, 2008, p13). When aiming to increase our repertoire 
of measures of player experience and connect these to the general dimensions of player 
emotions of valence and arousal, a fine grained understanding of the characteristics of 
people’s naturally occurring behaviour appear as a promising candidate. 
In this study we have only examined the mean pressure during button presses. As such, 
we have explored the use of phasic measurements that may provide insight into the 
temporal domain of the player experience. Future studies should also consider additional 
characteristics of player action behaviour beyond mean pressure during button presses. 
Further analysis may include additional aspects of pressure in keystrokes, such as attack, 
decay and sustain of the presses, allowing further micro-level analysis. Such a detailed 
analysis in the temporal domain may provide additional qualifications of the player's 
behaviour as well as help gain insight in the classification of the events along the player 
experience spectrum.  
Although the results are clear, we have made several assumptions that should be 
considered in future studies as well. Most notably, we have assumed that approach 
actions are mostly related to in-control game situations, in which the player intently 
initiates the action. Conversely, we have assumed that avoidance actions are mostly 
related to out-of-control game situations, in which the player generally reacts to a sudden 
change within the game. While we have argued how this may hold in general, expert 
players may use such behaviours in different, perhaps more advanced ways. As found by 
(Elliot 2006), behaviours may be adopted in the context of goal-orientation in an 
anticipating way. In gameplay, a player may move forward as an avoidance action, 
running away from an enemy. Likewise, expert racers may brake before a corner to 
maximise exit speed. Future research may distinguish in more detail between levels of 
experience in players and alternative intentions in expressing approach and avoidance 
behaviours. 
In sum, in this paper we have reported on the development of event-related, or phasic, 
measurements directly coupled to player actions based on behavioural characteristics of 
the interaction itself. In this study, we measured keyboard pressure in a number of 
different, fast-paced action games. We related specific functional game actions (keyboard 
presses) to experiential player behaviour and found keyboard pressure to be higher for 
avoidance as compared to approach-oriented actions. Additionally, the difference 
between avoidance and approach keyboard pressure proved, consistent with suggestions 
from previous research using intensity of behaviour as an indicator of player experience, 
to be related to levels of arousal. The findings from the study presented in this paper 
illustrates the application potential of qualifying players’ functional actions at play 
(navigating in a game) and interpret player experience related to these actions through 
players’ real world behavioural characteristics like interface pressure. While this study is 
a first indication of how the combination of phasic analysis with behavioural 
measurements may be used to qualify players' functional actions, further research is 
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required to gain a broader and more detailed set of measures that allow the temporal 
domain of the player experience to be analysed. 
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